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PRL exerts a wide variety of biological actions through PRL receptor, mostly via JAK-STAT pathway. PRL receptor belongs to the superfamily of the cytokine class-1 receptor (14) . Several isoforms, i.e., short, intermediate, and long isoforms, and the soluble PRL binding protein have been identified in many tissues (8) . Binding of PRL to its transmembrane receptors induces receptor dimerization, tyrosine phosphorylation, and activation of the JAK kinase, which leads to phosphorylation of other associated regulatory proteins, especially the STAT proteins. The phosphorylated STAT proteins dimerize and translocate to the nucleus to bind to the PRL-responsive genes, resulting in target gene transcription and the biological responses. Other signaling pathways involving MAPK, insulin receptor substrate-1, phosphatidylinositol 3-kinase (PI3-kinase), PLC, PKC, and intracellular Ca 2ϩ have also been reported to mediate PRL actions (5, 11) .
The colonic epithelium plays an essential role in the absorption and secretion of water and electrolytes. Differences in electrolyte transport across PC and distal colon (DC) have been demonstrated and can be investigated separately. In general, the colonic absorption is mainly due to electrogenic Na ϩ transport through amiloride-sensitive Na ϩ channels, while the colonic secretion is driven by Cl Ϫ transport mainly via cAMPactivated cystic fibrosis transmembrane conductance regulator (CFTR). The NaCl transport across the epithelium is driven by basolateral Na ϩ -K ϩ -2Cl Ϫ cotransport and Na ϩ -K ϩ -ATPase parallel with basolateral K ϩ channels. In addition, the colonic epithelium is able to secrete K ϩ , which is driven by intracellular K ϩ accumulation, resulting from K ϩ influx via the basolateral Na
Ϫ cotransport and the Na ϩ -K ϩ -ATPase and K ϩ efflux through apical K ϩ channels (17) . Since PRL seemed to play an important role in water and salt balance in the rat intestine, little was known about the direct effect of PRL on the specific site of colon. We hypothesized that PRL exerted a direct effect on the transport-related function of the colonic epithelium. Therefore, the aim of this study was to investigate the direct action of PRL on ion transport in the rat colonic epithelium using electrophysiological and pharmacological approaches. Due to the known segmental heterogeneity across the rat colon, the experiments were performed with both the DC and the PC.
MATERIALS AND METHODS
Materials. PRL, amiloride, 5-nitro-2-(3-phenylpropylamino) benzoic acid (NPPB), glibenclamide, diphenylamine-2, 2=-dicarboxylic acid (DPC), 4,4=-diisothiocyanatostilbene-2,2=-disulfonic acid (DIDS), bumetanide, BaCl 2, tetraethylammonium (TEA), clotrimazole, apamin, chromanol 293B, quinidine, tetrodotoxin (TTX), indomethacin, forskolin, carbachol, 3-isobutyl-1-methylxanthine (IBMX), 1,2-bis(oaminophenoxy)ethane-N,N,N=,N=-tetraacetic acid (BAPTA-AM), tyrphostin AG490, wortmannin, and high purity grade salts were obtained from Sigma Chemical (St. Louis, MO).
Animals and tissue preparation. Male Wistar rats (250 -300 g) were obtained from the National Animal Center, Mahidol University, Bangkok, Thailand. They were housed in stainless-steel cages in a group of four in a room with a 12:12-h light-dark cycle and allowed free access to food and water. All animals were taken care of in accordance with the International Guiding Principles for Biomedical Research Involving Animals provided by the National Research Council of Thailand, and the experimental protocol was approved by the Srinakharinwirot University Animal Ethics Committee.
Before the experiments, rats were killed with small-animal decapitator (Harward, Kent, UK). After a laparotomy incision, the whole colon was removed, rinsed, and placed in an ice-cold oxygenated Ringer solution (composition, in mM: 118 NaCl, 4.7 KCl, 2.5 CaCl 2, 0.5 MgCl2, 25 NaHCO3, 1.0 NaH2PO4, 11 D-glucose; pH 7.4). The colon was longitudinally cut close to the mesentery, and the serosal muscle layers were carefully stripped away by blunt dissection to obtain a mucosa-submucosal preparation. An appearance of palm-like foldings was used to identify PC. The DC of ϳ7-cm-long segment proximal to the lymph node at the pelvic brim, as reported in earlier study (10) , was equally divided into six segments, termed DC1 (close to rectum) to DC6. A short transverse colon (TC) was between the DC and PC and located 2 cm distal to the PC.
Measurement of electrophysiological parameters. The mucosasubmucosal sheets were mounted in Ussing chambers (0.62 cm 2 ) bathed on the mucosal and serosal sides with identical Ringer solutions at 37°C and gassed with 95% O2 and 5% CO2. Transepithelial potential difference (PD) and Isc were measured with the use of voltage-clamp amplifier (EVC-4000, World Precision Instrument) using Ag/AgCl2 electrodes connected to the bathing solution via agar bridges. Tissue conductance (G) was calculated using Ohm's law (G ϭ Isc/PD). The tissues were continuously short-circuited, except for a brief interval of open-circuited readings before and after adding any chemicals. Data from the voltage clamp was connected to MacLab 4S analog-to-digital converter and recorded with a 400-MHz PowerPC Macintosh. After mounting, tissues were equilibrated for at least 40 min to stabilize basal I sc before adding test substances. To test the effects of blockers on PRL response, at least two epithelial sheets from the same colonic segment of each animal were mounted, with one always acting as control of PRL response in the absence of blockers, while others were tested for the PRL response in the presence of blockers. Positive I sc corresponded to the movement of anions from the serosal to mucosal compartments, or the movement of cations from the mucosal to serosal compartments, or a combination of both.
In the experiments with permeabilized epithelia, an apical membrane Cl Ϫ current (ICl) was measured in the presence of a serosal-tomucosal Cl Ϫ gradient with composition of the bathing solutions as follows: mucosal solution containing (in mM) 107 potassium-gluconate, 4.5 KCl, 25 NaHCO 3, 1.8 Na2HPO4, 0.2 NaH2PO4, 5.75 Ca-gluconate, 1.0 MgSO4, and 12 glucose; serosal buffer containing (in mM) 111.5 KCl, 25 NaHCO3, 1.8 Na2HPO4, 0.2 NaH2PO4, 1.25 CaCl2, 1.0 MgSO4, and 12 D-glucose, pH 7.4. The basolateral membrane was permeabilized with amphotericin B (10 M).
Data analyses. Data were expressed as means and SE; n was the number of tissue preparations from different animals in each experiment. Change in I sc (⌬Isc) was the difference between peak Isc response and its respective baseline value before drug administration. The statistical differences between control and treatment means were analyzed using Student's unpaired t-test (Prism 5.0, GraphPad Software, San Diego, CA). A P value Ͻ0.05 was considered statistically significant. (n ϭ 67), respectively. In the DC, application of 1 g/ml PRL to the serosal solution decreased the basal I sc with maximum effect within 5 min and a sustained decrease up to 30 min (Fig. 1A) . This decreased I sc was reversed back to the baseline level on washout of PRL. The PRL response was varied, depending on the colonic segment i.e., the more DC (DC 1-4), the greater PRL response. The average ⌬I sc induced by 1 g/ml PRL in the early DC (DC 1-4) was Ϫ25.9 Ϯ 2.8 A/cm 2 (n ϭ 38), representing 39% inhibition of the basal I sc . Compared with the early DC, the I sc produced by PRL in the less DC (DC 5-6) was Ϫ8.4 Ϯ 4.2 A/cm 2 (n ϭ 11), representing 29% inhibition of the basal I sc . By contrast, the TC and PC exhibited increases in the basal I sc in response to 1 g/ml PRL by 24.6 Ϯ 4.4 A/cm 2 (n ϭ 16) and 14.2 Ϯ 4.2 A/cm 2 (n ϭ 14), respectively ( Fig. 1, B and C) . Analysis of the concentration-response relationship for PRL showed that a maximal decrease in the I sc response in the DC was observed at 10 g/ml, with an apparent EC 50 value of 100 ng/ml (n ϭ 6, Fig. 2 ). In the TC-PC, PRL induced a cumulative concentration-dependent increase in I sc with a maximal effect at 500 ng/ml and an apparent EC 50 value of 49 ng/ml (n ϭ 6, Fig. 3 ). Since the I sc response to PRL in the early DC was greater than that in the late DC, data of the rest of the experiments were obtained from DC1-4, whereas data for the PC were obtained from experiments using the TC and PC.
RESULTS

Effect of PRL
Ionic basis of the PRL induced a decrease in I sc in DC. To identify the ions involved in the PRL-induced suppression of I sc in the DC, we employed a series of experiments using various pharmacological ion channel blockers. A decrease in I sc induced by PRL could be due to a decrease in anion secretion (Cl Ϫ , HCO 3 Ϫ ) or an increase in cation secretion (Na ϩ , K ϩ ). We first examined the PRL effects on Na ϩ absorption and Cl Ϫ secretion. As shown in Fig. 4 , the decreased I sc in response to PRL was not affected by either Na ϩ channel blocker amiloride (10 M) or Cl Ϫ channel blockers, NPPB (100 M), DPC (500 M), or DIDS (200 M) added to the mucosal solution. However, the PRL response was significantly reduced by 50% in the presence of glibenclamide (400 M).
Regarding the Cl
Ϫ channel blockers used in the present study, NPPB, glibenclamide, and DPC have been shown to block CFTR, whereas DIDS blocks Ca 2ϩ -activated Cl Ϫ channels (2). However, glibenclamide also blocks ATPsensitive K ϩ channels (26) . To further examine the effect of PRL on K ϩ secretion, we applied various K ϩ channel blockers, in either the mucosal or serosal solution. As mentioned earlier, K ϩ secretion across the colonic epithelium is driven by K ϩ entry through basolateral Na TEA (1 mM), IK inhibitor clotrimazole (50 M), or SK inhibitor apamin (100 nM) 15 min before subsequent serosal PRL administration had no significant effect on the response to PRL. However, the I sc response to PRL was significantly decreased in the presence of the cAMP-activated K ϩ channel blocker chromanol 293B (100 M), or the K ϩ channel blocker quinidine (1 mM) (Fig. 5A ). In addition, pretreatment of the serosal side of epithelial sheet with bumetanide (200 M), an inhibitor of Na
Ϫ cotransporter, significantly antagonized the PRL-induced decreased in I sc (Fig. 5B) . The decrease in I sc evoked by PRL was also significant reduced in the presence of Ba 2ϩ (5 mM) and chromanol 293B (100 M), which blocked K ϩ efflux and thus K ϩ turnover across the basolateral membrane.
Effect of PRL on Cl Ϫ secretion in DC. Since PRL reduced the basal I sc in the DC, we, therefore, investigated whether PRL modulated Cl Ϫ secretion induced by intracellular cAMP and Ca 2ϩ . As shown in Fig. 6 , serosal additions of activators of cAMP-mediated Cl Ϫ secretion forskolin (10 M), an activator of adenylate cyclase, and IBMX (100 M), a phosphodiesterase inhibitor, and an activator of Ca 2ϩ -activated Cl Ϫ secretion, carbachol (10 M), markedly increased I sc . Pretreatment with PRL for 15 min significantly reduced the IBMX-induced increase in I sc , while having no effect on the I sc response to forskolin and carbachol.
Cl Ϫ secretion can occur in parallel with K ϩ secretion in response to a variety of secretagogues and is similarly driven by the activities of the basolateral Na ϩ -K ϩ -2Cl Ϫ cotransporter and K ϩ channel. The secreted Cl Ϫ may depolarize the apical membrane, which, in turn, induces K ϩ exit across the apical membrane. Our next step was, therefore, to determine the direct effect of PRL on I Cl across the apical membrane. Apical I Cl measurement was performed by permeabilizing the basolateral membrane with amphotericin B in the presence of a serosal-to-mucosal Cl Ϫ gradient. When added to the serosal side of the tissues, PRL slightly increased the apical I Cl (6.3 Ϯ 1.7 A/cm 2 , n ϭ 5), whereas a subsequent addition of forskolin (5 M) markedly increased the apical I Cl (83.3 Ϯ 20.6 A/cm 2 , n ϭ 5), as illustrated in Fig. 7 .
Ionic basis of the PRL-induced increase in I sc in TC-PC.
Similar experiments using pharmacological ion channel blockers were also performed with the TC and PC to identify the ions involved in the PRL-induced increase in I sc . The increase in I sc induced by PRL could be due to an increase in anion secretion or a decrease in cation secretion. As shown in Fig. 8 , the increased I sc in response to PRL was not significantly affected by amiloride (10 M), NPPB (100 M), and DIDS (200 M) in the apical solution. However, the PRL-induced increase in I sc was significantly reduced in the presence of DPC (500 M), glibenclamide (400 M) in the mucosal solution, or bumetanide (200 M) in the serosal solution.
Signaling pathway of the PRL-induced ⌬I sc . To assess whether the PRL-induced decrease in I sc in the DC was a direct action of PRL on the colonic epithelium or indirectly via submucosal neurons and prostaglandin synthesis, the tissues were pretreated with neuronal blocker TTX or cyclooxygenase inhibitor indomethacin for 15 min before serosal PRL administration. As shown in Fig. 9 , pretreatment of the tissues with TTX (1 M) had no influence on the PRL response, whereas indomethacin (10 M) significantly reduced the I sc response to PRL by 63%. In addition, pretreatment of the tissues with intracellular Ca 2ϩ chelating agent BAPTA-AM (50 M) in the mucosal and serosal solutions did not affect the PRL-induced decrease in I sc . However, the PRL-induced decrease in I sc was reduced by 75% in the presence of AG490 (50 M), an inhibitor of JAK2 activity. On the other hand, the presence of wortmannin (1 M), a PI3-kinase inhibitor, failed to change the PRL response.
As for the TC-PC, pretreatment of the tissues with BAPTA-AM (50 M) or wortmannin (1 M) in both the mucosal and serosal solutions did not affect the increased I sc response to PRL. However, the PRL response was significantly reduced by 75% in the presence of AG490, as shown in Fig. 10 . 
DISCUSSION
PRL has been shown to regulate water and electrolyte balance in amphibian and most vertebrates; however, little is known regarding PRL regulation of electrolyte transport in mammalian epithelia. The present study in rat colon demonstrated the segment-specific effect of PRL. PRL was found to stimulate K ϩ secretion in the DC and Cl Ϫ secretion in the TC and PC by JAK-STAT-dependent pathway.
Segmental heterogeneity of electrolyte transport in the PC (ascending) and DC (descending) has been characterized in human and other species (17, 20) . In rat colon, Na ϩ transport occurs primarily via electroneutral Na ϩ /H ϩ and Cl Ϫ /HCO 3 Ϫ exchangers in the PC, while Na ϩ transport in the DC is dominated by electrogenic absorption through amiloride-sensitive Na ϩ channel (24) . Besides being activated under physiological condition, Cl Ϫ secretion also plays an important role in certain pathological conditions, such as diarrhea. Cl Ϫ entry is mediated by basolateral Na ϩ -K ϩ -2Cl Ϫ cotransporter and exits the cell primarily through apical CFTR, which are mainly located in the crypts along the entire length of the colon. Colonic epithelium also secretes K ϩ , which is transported into the cells by basolateral Na
cotransporter and exits the cell via apical K ϩ channel. In the present study, PRL was found to decrease I sc in the DC, while increasing I sc in the TC and PC. The observed differential effects were probably due to the dissimilar distribution of membrane proteins involved in ion transport within colonic segments and thus different response to PRL.
Analysis of the concentration-response relationship for PRL showed a maximum response at 10 g/ml with an EC 50 of 100 ng/ml in the DC and at a maximum response at 5 g/ml with an EC 50 of 48 ng/ml in the TC and PC. Although the PRL concentration at maximum response appeared to correlate with pathological condition of hyperprolactinemia, the concentration at EC 50 value was equivalent to the physiological plasma levels during pregnancy and lactation. Within this physiological concentration range, PRL (200 ng/ml) had no direct effect on the baseline I sc in mouse PC and DC, even though the basal transport properties of these colonic segments in mouse and rat were quite similar (21) .
In the present study, PRL (1 g/ml) produced a sustained decrease of 40% of the baseline I sc in the DC. This decreased I sc was not affected by Na ϩ channel blocker amiloride or common CFTR blockers NPPB and DPC, indicating that neither Na ϩ absorption nor Cl Ϫ secretion was involved in the PRL response in the DC. However, a question still remained as to whether PRL might have some effects on Na ϩ /H ϩ or Cl Ϫ /HCO 3 Ϫ exchanger, since the activities of these electroneutral transporters could not be detected by measurement of I sc . On the other hand, the significant inhibition of PRL response by glibenclamide was not surprising, since this compound has been known to block ATP-sensitive K ϩ channel as well as CFTR Cl Ϫ channels (26) . In the present study, the Cl Ϫ secretion in the DC, which was activated through stimulation of CFTR by forskolin, but not by IBMX, was not affected by PRL. In addition, PRL did not affect the Cl Ϫ secretion that was activated by increased intracellular Ca 2ϩ induced by muscarinic cholinergic agonist, carbachol. Experiments with amphotericin B-permeabilized tissues that showed only a slight activation of apical I Cl induced by PRL compared with a much greater response to forskolin (Fig. 7) also indicated a minor contribution of Cl Ϫ secretion in response to PRL. These findings confirmed that the PRL-induced increase in I sc in the DC was not a result of activation of Na ϩ or Cl Ϫ transport. Furthermore, since IBMX was an inhibitor of phosphodiesterase, the observation that PRL reduced the IBMX-activated Cl Ϫ secretion by 50% suggested that PRL may have some as yet unidentified effect on phosphodiesterase.
The involvement of K ϩ transport in the PRL-induced decrease in I sc in the DC was examined by the use of different types of K ϩ channel blockers. It was found that nonselective K ϩ channel (Ba 2ϩ ) and Ca 2ϩ -activated BK, IK, and SK blockers (TEA, clotrimazole, and apamin) added mucosally failed to inhibit the PRL response. However, the PRL-induced decrease in I sc was ϳ50 -60% suppressed by the ATP-dependent K ϩ channel blockers quinidine and glibenclamide, as well as the cAMP-dependent K ϩ channel blocker chromanol 293B, suggesting an involvement of apical K ϩ secretion in the PRL action (Figs. 4 and 5A ). In addition, mucosal addition of both gibenclamide and chromanol 293B further decreased the PRL response to ϳ80% (data not shown). These findings provided pharmacological evidence that at least two distinct K ϩ channel subtypes, ATP-dependent K ϩ channel and cAMP-dependent K ϩ channel (KCNQ1/KCNE3), mediated K ϩ secretion upon PRL stimulation. The stimulatory effect of PRL on K ϩ secretion was further supported by an inhibition of PRL response by basolateral bumetanide and Ba 2ϩ , which, respectively, inhibited Na ϩ -K ϩ -2Cl Ϫ cotransporter and K ϩ channel responsible for K ϩ uptake and recycle across the basolateral membrane. The findings that the PRL response was completely inhibited in the presence of basolateral Ba 2ϩ , indicating that the K ϩ efflux across the basolateral membrane, plays a significant role for the PRL-stimulated K ϩ secretion. The inhibition of K ϩ efflux could limit K ϩ turnover for Na ϩ -K ϩ -2Cl Ϫ cotransport and probably interfere with Na ϩ -K ϩ -ATPase activity, which results in less K ϩ influx and thus intracellular K ϩ accumulation. This, in turn, limits a chemical gradient for K ϩ exit across the apical membrane, despite the presence of some type of apical K ϩ channel, which was stimulated by PRL. In addition to the inhibition of apical K ϩ channels, serosal addition of chromanol 293B also reduced the PRL-activated K ϩ secretion, suggesting that the cAMP-activated K ϩ channels on both apical and basolateral membrane may take part in PRL response, independent of increase in intracellular cAMP. Chromanol 293B at 100 M was known to partially block ATP-dependent K ϩ channels (3). Taken together, we speculate that, in the DC, PRL stimulated K ϩ secretion at least through the ATP-sensitive K ϩ channels and cAMP-dependent K ϩ channels. However, further ion flux studies are required to confirm the stimulatory effect of PRL on K ϩ secretion in the rat DC. In contrast to the DC, in the TC-PC, PRL produced a transient increase in I sc , which gradually returned to a level slightly above the baseline. The increased I sc was not due to electrogenic Na ϩ absorption, since amiloride had no effect on PRL response. However, PRL response was abolished by DPC and glibenclamide, but not by DIDS, suggesting that PRL was likely to activate Cl Ϫ secretion primarily through CFTR, the major type of Cl Ϫ channel in colonic mucosa. In our study, Cl Ϫ channel blocker NPPB did not have an effect on Cl Ϫ transport in the rat colon, whether during basal condition or PRLstimulated I sc . The stimulatory effect of PRL on Cl Ϫ secretion was further supported by an inhibition of PRL by bumetanide, suggesting that a basolateral Na
Ϫ pathway was likely responsible for Cl Ϫ uptake across the basolateral membrane, which, in turn, provided a chemical gradient for Cl Ϫ exit across the apical membrane. Thus the basolateral Na ϩ -K ϩ -2Cl Ϫ pathway appeared to be involved in both K ϩ and Cl Ϫ secretion across rat colon epithelium in response to PRL.
In the DC, the effect of PRL appeared to be mediated by subepithelial structures. The findings that the PRL-induced decrease in I sc was insensitive to TTX, which was known to block the neuronal Na ϩ channel activity and inhibit action potential propagation, suggested that the secretomotor neurons of the enteric nervous system were not involved in the PRLinduced K ϩ secretion in the rat DC. However, a substantial inhibition of the PRL-sensitive I sc (60%) by cyclooxygenase inhibitor indomethacin, which blocked prostaglandin synthesis, pointed to an involvement of prostaglandins in the PRLinduced K ϩ secretion in the DC. There has been a report of synthesized prostaglandin from submucosal connective tissues activating Cl Ϫ secretion directly via prostanoid receptors located in rat colonic epithelial cells (6) . Since a substantial portion of the basal I sc was inhibited by indomethacin in the present study, it seemed that endogenous prostaglandins did regulate Cl Ϫ secretion under basal condition. Under this same condition, the PRL-induced K ϩ secretion was reduced, suggesting a possibility that blocking basal Cl Ϫ secretion by indomethacin might hyperpolarize the membrane, thus limiting the driving force for PRL-induced K ϩ secretion. On the other hand, the endogenous prostaglandins might regulate KCNQ1/ KCNE3 through an increase in cAMP; thus the PRL-induced K ϩ secretion was reduced in the presence of cyclooxygenase inhibitors.
A previous study in mouse colon demonstrated an acute inhibitory effect of PRL on the Ca 2ϩ -activated K ϩ and Cl Ϫ transport by attenuating carbachol-induced increase in intracellular Ca 2ϩ (21) . In that study, the PRL effect was abolished in the presence of Ca 2ϩ chelating agent, BAPTA-AM. In contrast, a mechanism involving an increase in intracellular Ca 2ϩ did not participate in the PRL response in our study. This con- -activated K ϩ channel blockers. These findings pointed to the existence of the different regulatory pathway of PRL on the electrolyte transport between mouse and rat colon.
Several signaling pathways mediating the multiple actions of PRL have been demonstrated in a variety of tissues, with the JAK-STAT pathway being most extensively studied. In the present study, pretreatment with AG490, an inhibitor of JAK2 activity, significantly inhibited the PRL response by 75% in both the DC and PC, suggesting that PRL regulated the secretory function of the rat colon via JAK-STAT-dependent pathway. In contrast, PI3-kinase inhibitor wortmannin did not affect the PRL-induced K ϩ and Cl Ϫ secretion in the rat colon. The PRL signaling mechanism in rat colon appeared to be different from that in mouse colon, in which PRL exerted the transport activity through PI3-kinase and MAP kinase, but not JAK-STAT kinase (21) . Interestingly, in the DC AG490 and indomethacin, both produced comparable inhibition of the PRL response. Addition of both compounds in the bathing solution had no further decrease in the I sc response to PRL compared with the addition of AG490 alone. This nonadditive effect on the PRL response raised the possibility that the JAK-STAT pathway may partly mediate the effect of PRL on stimulating cyclooxygenase activity.
Although the changes in electrolyte transport across the colonic epithelium are mainly a result of Na ϩ absorption or Cl Ϫ secretion, several hormones and peptides have been shown to induce K ϩ secretion, which leads to a decrease in I sc . In the rat DC, the PRL-induced ⌬I sc appeared to follow the same pattern as that of catecholamine responses (norepinephrine and dopamine), which exhibited a long sustained decrease in I sc concomitantly with stimulation of K ϩ secretion (1, 12) . However, the differences in ion transport mechanism occurred with PRL stimulation of Cl Ϫ secretion at the TC and PC. Another difference from our finding was that, in the mouse colon, PRL had no direct effect on I sc under basal condition, but it acutely attenuated the carbachol-activated K ϩ secretion in the DC and the carbachol-activated Cl Ϫ secretion in the PC (21) . Besides the species specific, difference in PRL response was likely due to intracellular signaling molecules being activated by elevated intracellular Ca 2ϩ , which were not JAK-STAT kinases, as observed in our study. Both PRL actions and signaling pathway obtained from the mouse colon seemed to be opposite to our findings; this indicated the species difference with regard to the types of PRL receptor, the signaling pathways, including the membrane proteins responsible for PRL activation. Although PRL has previously been reported to regulate electrolyte transport in the mammalian small intestine (7, 18) , the present results showed a direct effect of PRL on the colonic epithelium and confirmed the important role of PRL in maintenance of ionic homeostasis, especially during lactation and pregnancy.
Taken together, these findings indicated a segment-specific regulation of transepithelial ion transport in rat colon by PRL: an activation of K ϩ secretion in the DC and an activation of Cl Ϫ secretion in the TC and PC. The PRL-induced K ϩ secretion appeared to be attributed to ATP-sensitive K ϩ channels and cAMP-dependent K ϩ channels, whereas the Cl Ϫ secretion occurred via CFTR. The secretory effect of PRL was driven by basolateral Na ϩ -K ϩ -2Cl Ϫ cotransport. Both K ϩ and Cl Ϫ secretion induced by PRL were mediated by JAK-STAT-dependent pathway and did not involve PI3-kinase signaling pathway and Ca 2ϩ mobilization. The modulations of ion transport functions in the colon by PRL might play an important role in water and electrolyte homeostasis during lactation and pregnancy.
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